Study objective: The aim of the study was to determine whether exposure to tetrachloroethylene during the first trimester of pregnancy has harmful effects on pregnancy outcome. Design: The study used record linkage identification of cases and case-control comparison. Setting: The study involved dry cleaner and laundry workers throughout Finland who had become pregnant during the study period. Controls were age matched but otherwise unselected women giving birth to normal babies in the study period. Subjects: Cases were defined as women who had been treated for spontaneous abortion or had delivered a malformed child. Out of 5700 workers nearly half had been pregnant during the study period. One pregnancy only was randomly selected for study per worker, and the final study population was 247 women with spontaneous abortions and 33 with malformed infants. Three age matched controls were selected for each abortion case and five for each malformation case. Measurements and main results: Three women out of four had worked in early pregnancy. Exposure information was collected from 108 women by mailed questionnaires, with a 77% response, and was partly confirmed by biological monitoring data. Exposure to tetrachloroethylene was found to be significantly associated with spontaneous abortions (odds ratio 3-6, p < 0 05). Conclusion: The findings, together with other available data, indicate that exposure of pregnant women to tetrachloroethylene needs to be minimised.
In industry it is common for workers to be exposed to multiple chemicals, eg, to mixtures of solvents. In a Finnish study among the female members of the Union of Chemical Workers a significantly increased risk of spontaneous abortions has been found. One tenth of the study population included laundry and dry cleaning workers.' Identification of a single harmful agent in the working environment is usually difficult, but in dry cleaning work the exposure is mainly to tetrachloroethylene. Therefore the laundry and dry cleaning industry was chosen as the source population for this study, in which we studied the effects of tetrachloroethylene on spontaneous abortions and congenital malformations.
Methods
Steps of the study were (1) identification of the female dry cleaning and laundry workers, (2) location of their pregnancies in the health registers, (3) selection of cases of spontaneous abortion or malformation, and control cases, and (4) acquisition of the exposure information by mailed questionnaires supplemented by biological monitoring data when available (figure).
The study population was collected from the registers of the Union of Chemical Workers and of the Municipal Workers' Union of Finland for the period [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] . Workers who had resigned from the Unions during the study period were included, except those who had resigned from the Chemical Workers Union between 1973 and 1977. Since not all laundry and dry cleaning workers are union members, every employer of dry cleaning and laundry staff in the country was mailed a questionnaire requesting information on female personnel employed for at least three months during the [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] period. The employers were asked whether dry cleaning chemicals were used and which workers had participated in the dry cleaning process. excluded. Three age matched controls in the spontaneous abortion study and five in the malformation study were selected for each case from the women who had given birth to a healthy child (nearest available matching ofage with tolerance of + 2 years).
Questionnaires requesting information about general work tasks (dry cleaning, pressing, ironing, spot removing, dyeing, heavy lifting), specific exposure to tetrachloroethylene, trichloroethylene, fluorocarbons and other chemicals, temperature ofthe work room, personal habits (smoking, alcohol use), pregnancy history, health status and febrile diseases during the first 3 months ofthe pregnancy were mailed to the study subjects.
The questionnaire was mailed to 923 subjects in the spontaneous abortion study (243 cases and 680 controls) and to 185 subjects in the malformation study (32 cases and 153 controls). After four mailings the response rate was 77-2% in the spontaneous abortion study and 8 1 *l% in the malformation study.
The response rate was less for index cases than for controls: spontaneous abortion 68-3%, malformations 75-0% v 80-4% and 82-4% respectively in the controls. A considerable proportion of the spontaneous abortion cases (25-9%) did not report the study pregnancy found in the register. Seven of them reported the exposures and other information from the year of the pregnancy and were included in the analyses. Altogether 679 study subjects met the criteria for reporting the study pregnancy and the corresponding exposures. Further loss of material was due to the individual matching, since all the controls with a missing case were removed. The final material consisted of 130 cases of spontaneous abortion and 289 controls (figure). There were 24 cases of malformation and 93 controls.
The reported exposure to tetrachloroethylene was assessed as high when (1) the work tasks included dry cleaning for at least one hour daily on average, or (2) the women reported handling of tetrachloroethylene at least once a week. The criteria oflow exposure were: (1) the work tasks included pressing at a dry cleaners' or spot removing, (2) the woman reported handling of tetrachloroethylene less than once a week.
Reported alcohol use and heavy lifting were scored according to the predetermined rules. Scores for alcohol use were determined by the separate frequencies of use of spirits, wine and beer; daily outcome was based on objective registers and was to a great extent confirmed by the study subjects. The addition of those cases who did not confirm the registered spontaneous abortion did not change the overall results markedly. Thus, the non-confirmation of spontaneous abortion did not seem to depend selectively on exposure. In our previous studies the confirmation of spontaneous abortions has been better, up to 89%. In studies concerning spontaneous abortions in general the finding of appropriate controls has been a problem. In this study the source population, from which the cases and controls were retrieved, was very homogeneous; the work tasks and the social class of dry cleaning and laundry workers are similar. Thus, the association found between tetrachloroethylene exposure and spontaneous abortions seems to be genuine.
Another potential source of bias is selective participation, if the participation also depends on exposure. In this study women who had suffered from spontaneous abortion or given birth to a malformed child participated less eagerly than the controls. The situation differs from some studies where women with an adverse pregnancy outcome, especially when exposed, have been more eager to participate than those with a normal child.6 We were able to evaluate this possible selection on the basis of the information on dry cleaning work obtained from the employers. There were altogether 521 women (55% of the total study population) on whom information from the employers was available. Of these 149 (28-6%) had had a study pregnancy during employment, and eight cases (19 5% ) and six controls (5 6%) were involved in dry cleaning work according to the employer's report, giving a crude odds ratio of4-1. Two of these cases and one of the controls did not respond to the questionnaire. These two observations suggest that selection bias does not explain the results.
Exposure information collected by questionnaire may also be biased by selective outcome dependent reporting of the exposure.7 Women who had a miscarriage may be prone to recall their exposures better than women whose pregnancy was normal. In this study the worker's own report of tetrachloroethylene exposure as well as her work tasks in the dry cleaning process were the criteria for exposure. The women's self reporting of exposure agreed well with the blood tetrachloroethylene measurements ( 12 Dry cleaning and the chemicals used in the process have not been studied much from the viewpoint of reproductive effects. In a small study Bosco et al 9 found more spontaneous abortions and birth defects (8 9% and 3-9%, respectively) among dry cleaning workers than among housewives (2-2% and 2-3%, respectively), but the differences were not statistically significant. The proportion of abortions of all pregnancies was similar to that observed earlier among working women and housewives. In another study, where the population consisted of workers monitored biologically for organic solvent exposure, the odds ratio of spontaneous abortion was increased (2 7) for high exposure to tetrachloroethylene. The increased risk was seen mainly among dry cleaning workers, but the finding was not statistically significant. 13 In the current study results on the effects of alcohol use and smoking during early pregnancy were similar to some recent reports:5 14 
